I Physical Skew and Future Returns
We examine the ability of physical (historical) skewness to predict the future returns of both stocks and skewness assets. Each month, on the first trading day following the monthly expiration, historical skewness is calculated as the skewness of the daily log returns over the past year. On the second day after the monthly expiration, portfolios of stocks and skewness assets are formed based on deciles of historical skewness. The skewness assets are formed using 1-month options. The portfolios are held until the options in the skewness assets expire approximately one month later. Table I presents the average raw returns, along with the CAPM (CAPM), Fama-French 3-factor (FF3 Alpha) and Fama-French-Carhart 4-factor (FFC4 Alpha) alphas following Fama and French (1993) and Carhart (1997) . The 10-1 column represents the raw and risk-adjusted returns for the portfolio that is long skewness assets for decile 10 of RN Skew and short skewness assets for decile 1. The 10-1 t-stat column is the t-statistic testing the null hypothesis that the average 10-1 return, CAPM alpha, FF3 alpha, and FFC4 alpha is equal to 0. The t-statistics are adjusted following Newey and West (1987) with lag of 6 months. None of the 10-1 alphas exhibit a statistically significant difference from 0. Thus, we find no evidence in our sample that physical skewness can predict the future returns of stocks or skewness assets.
II Calculation of Risk Free Rate and Present Value of Dividends
The present value of dividends (PVDivs) on date t 0 for an option expiring on date t 1 is calculated to be the sum of the present values of all dividends paid on the underlying stock with ex-dates between date t 0 (exclusive) and t 1 (inclusive). Specifically, let Div e,τ be a dividend paid on the underlying stock with ex-date e and pay-date τ , where t 0 ≤ e ≤ t 1 , and let r t be the risk-free rate of return on a deposit made on date t 0 to be withdrawn on date τ , and t τ be the time, in years, between dates t 0 and τ , then we have. P V Divs = t 0 ≤τ ≤t 1 e −rτ tτ Div e,τ (1)
OptionMetrics provides zero-rate data for each date t 0 and a series of maturities. r τ , for any specific value of t 0 and τ , is found by applying a cubic spline to the zero-rate data for date t 0 and find the interpolated zero-rate for matruity t τ .
III Is There a Risk-Based Explanation?
We begin the risk analysis by examining three commonly used measures of portfolio risk:
the standard deviation of monthly returns, value-at-risk, and expected shortfall. In addition to these risk measures, we look at the sensitivities of the skewness asset portfolio returns to the market factor (M KT ), Fama and French (1993) size (SM B) and book-to-market (HM L) factors, Carhart (1997) momentum (U M D) factor, and the short-term reversal factor (ST Rev).
1 We complete the risk-analysis by augmenting the standard risk models using several additional option and stock market based factors.
III.A Standard Deviation, Value-At-Risk, and Expected ShortFall
The most commonly employed measure of portfolio risk is the standard deviation of portfolio returns. Portfolios with high risk are expected to have a high return standard deviation. In addition to the standard deviation, risk is often measured by analyzing the magnitude of the losses that occur in extreme situations, i.e. the magnitude of the losses in the extreme left side of the distribution of returns. Two risk-metrics designed to measure such losses are value-at-risk (V aR) and expected shortfall (ES). V aR is defined as the maximum loss expected on a portfolio of assets over a certain holding period at a given confidence level (probability). 2 The V aR for a portfolio is simply an estimate of a specified percentile of the probability distribution of the portfolio's returns. The specified percentile is usually computed for the lower tail of the distribution of returns. Thus, we calculate the value-atrisk for a given probability p, V aR (p), to be the p th percentile of the monthly returns of the skewness assets.
V aR as a risk measure is criticized for not being sub-additive. Because of this the risk of a portfolio can be larger than the sum of the stand-alone risks of its components when measured by V aR. Hence, managing risk by V aR may fail to stimulate diversification.
Moreover, V aR does not take into account the severity of an incurred damage event. To alleviate these deficiencies Artzner, Delbaen, Eber, and Heath (1999) introduced the expected shortfall risk measure, which is defined as the conditional expectation of loss given that the loss is beyond the V aR level. The ES measure is defined as
where R represents the return on the portfolio. The expected shortfall considers losses beyond the V aR level. Conceptually, ES can be interpreted as the average loss in the worst 100 × p percent of cases. Table II presents the standard deviation of monthly returns, along with the 5% V aR and 5% ES for each of the decile portfolios. As the skewness assets contain both long and short positions, and the choice to define the skewness assets in a manner such that they represent a long skewness position was arbitrary, we also calculate the 5% V aR and 5% ES for portfolios of short skewness assets.
3 Remember that when holding short skewness asset positions, the relation between RN Skew and portfolio returns becomes positive. All of the risk-metrics for long skewness asset positions indicate more risk in the 10th decile portfolio (low returns) than in the 1st decile portfolio (high returns). This is the opposite of what is expected if cross-sectional differences in risk were driving the results. The 5% V aR for the short PUTCALL and PUT portfolios is lower in decile 10 than in decile 1, indicating less risk in decile, inconsistent with a positive 10-1 return. The 5% ES measures for the short PUTCALL and PUT portfolios show no pattern. In summary, the risk analysis presented in Table II gives no support for a risk-based explanation of the skewness asset returns.
III.B Portfolio Sensitivities to Known Factors
It is possible that there exists a cross-sectional pattern in the factor sensitivities of the skewness asset portfolios to these risk factors. To test this, Table III The results in Table III present no evidence of strong cross-sectional patterns in factor sensitivities across the decile portfolios. The coefficients on M KT , HM L, and U M D are lower for the 1st decile than for the 10th decile portfolio in all models, inconsistent with the hypothesis that decile 1 has higher risk and thus commands a higher return. The SM B coefficients for the 1st decile are higher than for the 10th decile in all models, consistent with a risk-based explanation for the observed return patterns. However, these coefficients, without exception, produce t-statistics less than 2.0 in magnitude. Finally, the ST Rev factor consistently has lower coefficients in decile 10 than in decile 1. The magnitude of the difference between the decile 10 and decile 1 coefficients (-0.07 for the PUTCALL asset, -0.01 for the PUT, and -0.13 for the CALL asset) is way too small to be taken as an explanation for the negative cross-sectional relation between RN Skew and skewness asset returns. Furthermore, this difference is largest for the CALL asset, where the relation does not exist.
III.C Aggregate Volatility, Stock and Option Market Factors
The skewness assets are comprised of both stock and option positions, thus the returns on these assets are theoretically determined not only by exposure to stock market factors, but also to option market factors. Goyal and Saretto (2009) demonstrate that a portfolio that is long ATM straddles for stocks with high values of historical realized volatility minus implied volatility (RV − IV ), and short straddles for stocks where the opposite is true, generates positive abnormal returns. If the returns of this portfolio are due to compensation for exposure to a priced risk factor, then it is imperative that we control for such exposures.
To do so, we create a proxy for this factor by taking the returns on a portfolio that is long ATM straddles for stocks in the top third of RV − IV and short ATM straddles for stocks in the bottom third of RV − IV . 4 We call this factor RV − IV Straddle.
As option portfolio returns are intimately connected to the return on the underlying stocks, we control for the potential that a corresponding stock-based factor exists by calculating the returns on a portfolio that is long (short) stock for stocks in the top (bottom) third of RV − IV . We name this factor RV − IV Stock.
4 The factor mimicking portfolio is created using the same schedule used for the skewness assets and by Goyal and Saretto (2009) . The signal (RV − IV ) is generated on the first day after each monthly expiration. The portfolios are initiated at the close of the second day following each monthly expiration using 1-month options, and are held until expiration. The ATM strike used to form each straddle is found by choosing the strike of the call option with delta closest to 0.5. We require that the delta of each of the options used to form the straddle is between 0.4 and 0.6. When data for such options are not available, the observation is discarded. RV is calculated as the annualized standard deviation of daily log returns using 12 months of daily data. We require that data be available for each trading day during the past 12 months for entry into the sample. IV is calculated using the average of the call (put) implied volatilities of the 1-month contracts with delta closest to 0.5 (-0.5). We require that the absolute values of the option deltas used to calculate IV are between 0.4 and 0.6. Bali and Hovakimian (2009) and Cremers and Weinbaum (2010) show that the difference between ATM call implied volatility (CIV ) and ATM put implied volatility (P IV ) is a strong predictor of future stock performance. We form two additional factors based on the CIV − P IV signal.
5 The first is the returns on a portfolio that is long (short) stocks in the top (bottom) third of CIV − P IV . This factor is intended to proxy for a factor associated with the returns generated in Bali and Hovakimian (2009) and Cremers and Weinbaum (2010) . We call the returns on this portfolio the CIV − P IV Stock factor.
As the CIV − P IV signal is very similar in nature to the calculation of RN Skew, it is necessary that we control for the possibility that the returns generated by the skewness assets are simply a reflection of the manifestation of a CIV −P IV based factor in the options market. To do so, we calculate a proxy for such a factor, which we name CIV −P IV Straddle,
by taking the returns of a portfolio that is long (short) ATM straddles for stocks in the highest (lowest) third of CIV − P IV .
In addition to these stock and option market factors, we control for the aggregate Finally, we control for the possibility that the long-short portfolio returns are related 5 CIV and P IV are calculated by taking the implied volatilities of the 1-month contracts with delta closest to 0.5 and -0.5 respectively. We require that the absolute values of the option deltas used to calculate CIV and P IV are between 0.4 and 0.6. 6 We thank Martijn Cremers, Michael Halling, and David Weinbaum for providing us with the daily factor returns. Factor returns corresponding to the periods during which the skewness asset portfolios are held were constructed from the daily data in the same manner as the returns for the M KT , SM B, HM L, U M D, and ST Rev factors. index option returns by creating an S&P index straddle factor (S&P Straddle) and an S&P crash factor (S&P P ut, see Du and Kapadia (2011) ). The S&P Straddle factor is calculated the as the return of an at-the-money S&P straddle created in exactly the same manner as the single stock straddles used for the RV − IV Straddle and CIV − P IV Straddle factors. The S&P P ut factor is calculated as the return of an out-of-the-money put option with target delta -0.2.
In Table IV , we present the alphas and factor sensitivities for the returns of the decile 10 minus decile 1 portfolio of the skewness assets using several different risk models. The results demonstrate that the cross-sectional return pattern observed in the PUTCALL and PUT assets cannot be explained by any of the factor models, as the t-statistics associated with the alpha coefficient for each of these models are larger than 2.0, with one exception.
7
With two exceptions, the alphas for the 10-1 CALL asset portfolios remain, in almost all models, insignificant. In summary, the main results of the paper hold after controlling for a wide array of stock and option market factors. 7 The only exception is model (9) for the PUT asset, which produces a t-statistic of -1.81, and thus is significant at the 10%, but not the 5% level. This table shows the average monthly returns for portfolios of stocks and skewness assets formed on deciles of historical skewness. Historical skewness is calculated for each stock on the first trading day after each monthly expiration using daily data from the past 1 year. The skewness asset and stock portfolios are formed on the second day after each monthly expiration using options that expire in the next month, and are held until expiration. The table shows raw excess returns (Excess Return), along with CAPM (CAPM Alpha), Fama-French 3-factor (FF3 Alpha), and Fama-French-Carhart 4-factor alphas (FFC4 Alpha). The 10-1 column represents the difference between the returns for decile 10 and decile 1. The 10-1 t-stat column is the t-statistic testing the null hypothesis that the average 10-1 excess return, CAPM alpha, FF3 alpha, or FFC4 alpha is equal to zero. The t-statistics are adjusted using Newey and West (1987) with lag of 6 months. The sample covers the period January 1996 through October 2010. The tables below present factor sensitivities (t-statistics in parentheses) for portfolios of skewness assets formed on deciles of Panels A, B, and C below present the risk-adjusted alphas and factor sensitivities (Newey and West (1987) t-statistics in parentheses) for the returns on the decile 10 -decile 1 portfolios of PUTCALL, PUT, and CALL assets respectively, where the portfolios are formed on deciles of RN Skew. The RV-IV Straddle (Stock) factors are formed by taking the returns of a portfolio that is long ATM straddles (stocks) for stocks in the highest third of RV-IV, and short straddles (stocks) for stocks in the lowest third of RV-IV, where RV is the 1 year realized stock volatility, and IV is the average of the 1 month ATM call and ATM put implied volatilities. The CIV-PIV Straddle (Stock) factor returns are calculated analogously, using ATM call implied volatility (CIV) minus ATM put implied volatility (PIV) as the signal. The MN and CNMN factors are the aggregate volatility and crash-neutral aggregate volatility factors developed by Cremers, Halling, and Weinbaum (2013) . The S&P Straddle and S&P Put factors are calculated as the returns on an ATM S&P Index straddle and OTM S&P Index put contract respectively. Tables begin on next 
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